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MODEL SOLAR PROTON ENVIRONMENTS FOR MANNED 

SPACECRAFT DESIGN 

By Je r ry  L. Modisette, Terence M. Vinson, and Alva C. Hardy 

SUMMARY 

A s t a t i s t i c a l  analysis of the solar  proton events occurring during the  
upper half (1956 t o  1961) of t he  l a s t  solar  cycle has been made t o  determine 
the radiat ion environment which may be expected f o r  f l i g h t s  outside the  pro- 
tec t ion  of the ea r th ' s  magnetic f i e l d .  Distribution'functions have been de- 
rived f o r  both the  event s ize  (number of protons) and the  spectral  parameters 
f o r  mission durations of 1 t o  104 weeks. From these d is t r ibu t ion  functions, 
model environments a re  given corresponding t o  various probabi l i t ies  of 
occurrence. 

IPJTRODUCTION 

A major hazard t o  manned space f l i g h t  outside the  protecting influence of 
the ea r th ' s  magnetic f i e l d  i s  the  radiation dose produced by high-energy (20 t o  
500 MeV) protons emitted by the  sun. 
and vary great ly  i n  the proton fluxes, duration, and spec t ra l  character is t ics .  
The emissions, called so la r  proton events, a re  associated with solar  f l a r e s  and 
radio and X-ray emissions from t h e  sun. In  addition, there  a re  polar-cap ab- 
sorption events, f luctuat ion i n  the  ground-level neutron flux, and magnetic 
disturbances a t  t he  earth.  

These emissions a re  sporadic i n  nature 

For the purposes of manned spacecraft design, t he  important character is t ics  
of a solar  proton event a r e  those necessary t o  calculate  the  radiat ion dose: 
the  t o t a l  (time-integrated) proton flux, the spectrum (energy dis t r ibut ion)  , and 
the direct ional  d i s t r ibu t ion .  The f lux  > 30 Mev f o r  54 events i s  available'from 
a compilation of data by D r .  W .  R .  Webber ( r e f .  1) and from the forward sca t t e r  
data of Dr. D. K. Bailey ( r e f .  2 ) .  References 1 and 3 a l so  give f l u x >  100 MeV 
fo r  29 events. 
d i s t r ibu t ion  i s  not considered i n  t h i s  paper. 

Because of the  lack of experimental data, the  direct ional  

The objective of t h i s  analysis is, therefore, t o  determine the  t o t a l  n u -  
ber of protons and the energy spectrum t o  be expected during a mission. The 

number of protons (per cm ) above 30 MeV i s  the  parameter upon which the  event 
s ize  analysis i s  based because even f o r  l i g h t l y  shielded vehicles, protons below 
t h i s  energy do not penetrate. 

2 

The spectrum is taken t o  be of the form 

- Po 
F(> E) = Ge 



where G i s  t h e  event s i z e  parameter, P(E) i s  the  magnetic r ig id i ty ,  and 
F(> E) i s  the  f lux  having r i g i d i t y  grea te r  than P. Therefore, Po i s  the  
spec t r a l  parameter on which the  s t a t i s t i c s  are based. 

SYMBOLS AND DEFINITIONS 

G 

N 

n 

H E )  

P(> N) 

Probabili ty l eve l  

proton energy, mil l ion electron vo l t s  (MeV) 

number of protons i n  mission having energy grea te r  than E, 

protons/cm 

event s i z e  parameter, protons/cm 

2 

2 

number of protons 

number of weeks 

magnetic r ig id i ty ,  or momentum per un i t  charge of a 
par t ic le ,  mil l ion vo l t s  ( M V )  

cha rac t e r i s t i c  r i g i d i t y  (spectrum parameter), mil l ion 
vo l t s  ( M v )  

2 probabi l i ty  of more than N protons/cm with E > 30 MeV 

the  p r o b a b i l i t y t h a t  grea te r  than a given number of protons 
a r e  encountered -used  as a parameter i n  cross-plott ing 
number of protons as a function of mission length 

SOLAR PRCrrON EVENT TABLB 

2 The number of protons (per cm ) above 30 MeV f o r  54 events is  l i s t e d  i n  
t ab le  I. 
the  forward s c a t t e r  data  of D r .  D. K. Bailey i n  reference 2. 
by Dr. Bailey gave t h e  f lux  > 10 MeV, but f o r  t he  purpose of uniformity the  
data  have been converted t o  the  f lux > 30 MeV by using an average spectrum. 
The f lux  > 100 MeV from reference 1 is given f o r  29 events. 
dates on which the  events occurred a re  l i s t e d .  

Forty-three of these events were taken from reference 1 and 11 from 
The data supplied 

In  addition, t he  

SPECTRUM STATISTICS 

From equation (1) and the data i n  references 1 and 3, the  value of 

can be calculated f o r  29 events ( t ab le  11). The number of events with P 
0 
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greater  than P i s  plot ted against  . This d is t r ibu t ion  i s  reproduced from 

reference 1. With the exception of the  February 23, 1956, event, f igure 1 

shows t h a t  t he  

and extreme values of 50 Mv and 144 M v .  
Po values f i t  a rectangular d i s t r ibu t ion  with a mean of 97 Mv 

TOTAL PROTON FLUX STATISTICS 

The quantity of i n t e re s t  i s  t h e  t o t a l  proton f lux  during a mission, ra ther  

Fromthe t ab le  of event s izes  (table I), the  dis- 
than the  t o t a l  f l ux  f o r  an event because even f o r  extreme events, t h e  m a x i m u m  
dose rate i s  r e l a t ive ly  low. 
t r i bu t ion  of t o t a l  f luxes f o r  a mission could be calculated i n  two ways. One 
way would be t o  calculate  separately t h e  d is t r ibu t ions  of the  event s i ze  and 
the  dis t r ibut ions of t h e  frequency of occurrence of events. These two d i s t r i -  
butions would then be combined t o  obtain the  d is t r ibu t ion  f o r  t h e  t o t a l  proton 
f lux.  
proper frequency d is t r ibu t ion  because of cer ta in  apparent i r r egu la r i t i e s ,  such 
as the  tendency of events t o  occur i n  groups. 

A major problem with t h i s  approach i s  the  d i f f i c u l t y  of writ ing the  

Because of the d i f f i c u l t y  i n  obtaining a frequency dis t r ibut ion,  t he  
approach adopted i n  t h i s  paper has been t o  consider each day i n  the  period 
1956 t o  1961 as a launch date and then t o  use table I t o  determine t h e  t o t a l  
number of protons t o  be encountered (see appendix). Most of t he  shorter  m i s -  
sions do not encounter any protons. 
protons, the  d is t r ibu t ion  of the number of protons encountered i s  determined. 
Since each day i s  taken t o  start  a new mission, there  might seem t o  be about 
2,000 missions i n  t h e  6-year period under consideration. This number i s  de- 
ceptive since the  missions are  not independent because of t he  overlap. 
remove the  redundancy i n  the  missions, they are grouped so t h a t  t he  number of 
missions i n  each group equals t he  number of days i n  the  mission. 

For t h e  missions which do encounter 

To 

I n  f igure 2, t h e  d is t r ibu t ions  of the  data f o r  various mission lengths 
For the short  missions, the  are plot ted on normal probabili ty coordinates. 

dis t r ibut ions a re  normal with respect t o  the  logarithm of the  number of pro- 
tons.  
bution with assurance. A normal d is t r ibu t ion  i s  assumed, however, as being 
consistent with the  r e s u l t s  f o r  shorter  missions. It should be understood 
tha t  the  d is t r ibu t ions  shown i n  f igure 2 are f o r  those missions which encounter 
protons. The probabili ty of encountering any protons i s  a l so  shown i n  the  
f igure.  To determine the  probabi l i ty  of encountering greater  than N protons, 
it i s  necessary t o  multiply the  probabili ty of encountering any protons by the  
probabili ty t h a t  an encounter, i f  it occurs, consists of more than N protons. 

For longer missions, there  a re  not enough data t o  determine the  d i s t r i -  

From the  normal d is t r ibu t ions  f o r  various mission lengths, the  number of 
protons encountered can be determined as a function of mission length a t  various 
probabili ty leve ls .  These functions are plot ted i n  f igure 3 .  
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MODEL ENVIRONMENT DEFINITION 

In order t o  define model environment f o r  design purposes, G and Po 

from equation (1) must be defined. The spectrum parameter Po i s  taken t o  be 

97 MY, which i s  the  average value from the d is t r ibu t ion  given i n  the section of 

t h i s  paper en t i t l ed  "Spectrum S t a t i s t i c s  .I1 

the  choice of P has a small e f fec t  on radiat ion dose as  compared with the  

choice of G and because the  e f fec t  of var ia t ions i n  Po on the probabili ty 

of achieving a given dose l eve l  tends t o  cancel. 

The average value i s  used because 

0 

The event s i z e  parameter G can be determined from f igure 3 once Po, the 

mission length, and the  desired probabi l i ty  l eve l  a r e  known. 

F(> 30) 
The f igure gives 

so t h a t  from equation (1) 

or 

The model event as  determined by select ing a probabili ty l eve l  and a mission 
length is, therefore, given by 

F(> E) = 11.4F(> 30) exp (- F) ( 3 )  

where F(> 30) i s  taken from f igure 3 .  

FRACTION OF PROTONS I N  ONE WEEK FOR LONG DURATIONS 

The curves i n  f igure 3 give the  t o t a l  proton f lux t o  be expected f o r  a 
mission. For the  proper def in i t ion  of dose limits f o r  the  longer missions, it 
would be desirable t o  know the  manner i n  which the  dose is  received during the  
mission; t ha t  is, whether the dose occurs i n  small amounts over the en t i r e  
length of the mission or  whether the major part comes during one short period 
of intense so la r  ac t iv i ty .  

The probabili ty d is t r ibu t ion  f o r  the maximum number of protons t o  be 
expected i n  any week of a mission can be calculated from the d is t r ibu t ion  for 
1 week. If p(> N) i s  the probabili ty t h a t  a week contains N or more pro- 
tons, given by f igure 2, 1 - p(> N) is  the  probabili ty t h a t  a week does not 
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contain N or more protons. For n weeks, 

t h a t  no week of n weeks has N o r  more protons, and 1 - [l - p(> N)]n  i s  

- p(> N)Jn i s  the  probabili ty 

the  probabi l i ty  t h a t  at  least 1 out of n weeks contains N o r  more protons. 
This d i s t r ibu t ion  i s  plot ted i n  figure 4. 
f rac t ion  of t he  t o t a l  protons occurring i n  1 week can be determined from 
f igure 5, which shows the  average number of protons f o r  t h e  en t i r e  mission and 
f o r  the  maximum week as functions of mission length. It can be seen t h a t  t h e  
r a t i o  of t he  maximum week f lux  t o  the  t o t a l  mission f lux  var ies  from 1 f o r  a 
1-week mission t o  0.60 f o r  104-week missions. 

To a reasonable approximation, the 

DIS CUSS1 ON 

Several open or  implici t  assumptions are made i n  arr iving a t  the  model 
events. The f irst  of these i s  the  e f fec t  of t he  so la r  cycle. It has been 
assumed t h a t  only the  upper half  of t he  sunspot cycle need be considered. The 
54 events recorded during the  last  cycle occurred during the  upper half  
(1956 t o  1961). 
events which were missed. These events, however, would not contribute s ignif-  
i can t ly  t o  the  dose. A l i n e a r  regression f i t  w a s  made f o r  frequency of occur- 
rence of events as plot ted against  smoothed sunspot number, and a correlat ion 
coeff ic ient  of 0.70 w a s  found. A t e s t  of t he  f i t  f o r  a s t ep  function shows 
the  same correlat ion coeff ic ient .  This implies a random dis t r ibu t ion  over t he  
upper half  of the  cycle. There is, i n  fac t ,  some apparent s t ructure  t o  the  
d is t r ibu t ion  within the  upper half ,  i n  t h a t  large events s e e m  t o  occur during 
the  rise and f a l l .  However, the  data are not suf f ic ien t  t o  allow the  specif i -  
cation of t h i s  effect ,  s o  t h a t  a random dis t r ibu t ion  i s  assumed. 

Because of instrumental l imitations,  there  may be smaller 

Another approximation w a s  t o  consider only the event s ize  i n  the  
s t a t i s t i c a l  analysis .  The probabi l i ty  of i n t e re s t  i s  the  probabi l i ty  of re- 
ceiving a given dose. This probabi l i ty  i s  functionally dependent upon the  
probabili ty d is t r ibu t ion  f o r  event s i z e  and f o r  the  spectrum. An analysis 
which accounted rigorously fo r  all these dependences would be complex, bu t  
more important, the  functional dependence of dose on spectrum would a l so  de- 
pend on the  shielding of the  vehicle under consideration. This dependence 
makes any rigorous environment def in i t ion  unwieldy i n  application since it 
would be necessary t o  use a multiple i t e ra t ion ;  t h a t  is ,  a shielding design 
would lead t o  a redef in i t ion  of t he  environment which would then be used f o r  
a dose calculation, resu l t ing  i n  redesign of the  shielding, which changes the  
environment, and so for th .  

The approach used herein, t h a t  of select ing an average spectrum while 
basing t h e  s t a t i s t i c s  on the  event size,  i s  idea l  f o r  design purposes since 
t h e  dose, f o r  a given shield design, i s  d i r ec t ly  proportional t o  the  number 
of protons. The question i s  whether the  approximation i s  ju s t i f i ed .  The 
ju s t i f i ca t ion  i s  as follows: The observed event s i ze  varies over four orders 
of magnitude as a result of event-size d is t r ibu t ion .  The var ia t ion  i n  

t h e  spectrum parameter, i s  shown i n  f igure 1. The e f f ec t  of these parameters 
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on dose is  shown i n  table 111. It can be seen t h a t  the  var ia t ion i n  dose due 
t o  event s i ze  heavily outweighs t h e  var ia t ion due t o  spectrum for both point 
dose and depth dose and a l so  f o r  various mission lengths.  
values of 

ure 1. The February 23, 1956, spectrum is a l s o  included because it did  not f i t  
t h e  d is t r ibu t ion .  I n  addition, t h e  effects of the  var ia t ion  i n  the  spectral 
parameter 

t i s t i c s  on t h e  event s i z e  appears t o  be a reasonable approximation. 

The low and high 

Po are t h e  extremes of t he  rectangular d i s t r ibu t ion  shown i n  f ig-  

on the  dose probabi l i ty  tend t o  cancel so that basing the  sta- 

I n  determining t h e  d is t r ibu t ion  of t he  parameter only data for f lux 

of protons greater  than 30 MeV and 100 MeV were used. 
of i n t e re s t  because the  thinnest  shielding on manned spacecraft is  suf f ic ien t  
t o  s top protons of energy below 30 MeV, while very l i t t l e  dose comes from pro- 
tons much above 100 MeV. Figure 6 shows t h e  f rac t ion  of t he  dose coming from 
various energy ranges f o r  a typ ica l  lunar vehicle with 

This is  the  energy range 

Po = 97 Mv. 

CONCLUDING REMARKS 

A s t a t i s t i c a l  analysis of so la r  proton events occurring during the  upper 
half  (1956 t o  1961) of t h e  last so la r  cycle has been made. 
of the analysis, probabi l i ty  d is t r ibu t ions  have been derived f o r  the  t o t a l  pro- 
ton  flux during missions of from 1 t o  104 weeks duration. 
s e t t i ng  dose l i m i t s  f o r  long missions i s  t h e  r e s u l t  t h a t  most of the  dose 
received during a mission w i l l  be received during 1 week. 

From the  results 

O f  s ignificance i n  

The model environments presented can be used f o r  shielding design and 
r e l i a b i l i t y  analysis of manned spacecraft, keeping i n  mind t h e  l imitat ions 
imposed by the  assumptions and the  uncertainties with regard t o  future  so la r  
a c t i v i t y  . 

Manned Spacecraft Center, 
National Aeronautics and Space Administration, 

Houston, Texas, June 27, 1964 
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APPENDIX 

FORTRAN PROGRAM FOR ANALYSIS OF 

SOLAR PROTON EVENTS 

A FORTRAN program f o r  t h e  IBM 7094 w a s  wr i t t en  t o  analyze the  data used 
i n  t h i s  paper. I n  t h e  program, every day i n  t h e  period covered by t h e  data i s  
considered as a possible launch date f o r  a mission. The program examines each 
day covered by t h e  length of mission which i s  desired and sums a l l  events seen 
on t h a t  pa r t i cu la r  mission. After summing t h e  event s i zes  f o r  a l l  possible 
missions of t h e  desired length, t he  program s o r t s  out those missions during 
which events occurred and computes the  mean, variance, and standard deviation 
of t h e  event s izes ,  t h e  r e s u l t s  being given i n  log  form. 

The program then arranges t h e  event s i zes  i n  ascending order and conputes 
t h e  sum of the f irst  n events, t he  second n events, and so  on u n t i l  f i n a l l y  
there are m groups (sums) of n events each. The number of groups E i s  
chosen so  t h a t  it w i l l  be the  nearest i n t e g r a l  number t o  the  nwnb'er of missions 
which encounter events divided by t h e  mission length.  The program then com- 
putes t h e  average of each group, and t h e  mean, variance, and standard deviation 
of t he  group averages. Since t h e  number of missions which encounter events 
divided by the  mission length w i l l  not be a whole number i n  most cases,  there  
w i l l  be some event s i zes  l e f t  over a f t e r  grouping. If t h e  mission length does 
not divide evenly in to  the  number of events, some of t h e  groups are increased 
t o  include n + 1 events t o  account f o r  t h e  remainder. 
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TABLE I.- CALENDAR OF SOTAR PROMN ETENTS FROM 1956 TO 1961 

Date 

Feb. 23, 1956 

kr, 10, 1956 

4%. 31, 1956 

Nov. 13, 1956 

Jan. 20, 1957 

Ypr. 3, 1957 

Ypr. 6, 1957 

June 22, 1957 

July 3, 1957 

1%. 9, 1957 

1%. 29, 1957 

1%. 31, 1957 

Sept. 2, 1957 

Sept. 21, 1957 

kt. 20, 1957 

Vov. 4, 1957 

8eb. 9, 1958 

kr. 23, 1958 

kr. 25, 1958 

Integrated intensity, 
2 protons /cm 

~~ 

>3O MeV 

1.0 x 109 

2.5 x 107 

8 1.1 x 10 

8 1.1 x 10 

8 2.0 x 10 

5.6 x lo7 
3.8 x lo7 

8 1.7 x i o  
2.0 x 107 

6 

8 
1.5 x 10 

1.2 x 10 

5.3 x 107 

1.4 x 107 

1.5 x i o  

5.0 x 107 

9.0 x i o  

6 

6 

7 

8 

8 

1.0 x 10 

2.5 X 10 

7.8 x 10 

>lo0 MeV 

8 3.5 x 10 

6 6.0 x 10 

6 7.0 x 10 

6 3.0 x i o  

7 1.0 x 10 

7 1.0 x 10 

Source 

Ref. 1 

Ref. 2 

R e f .  1 

Ref. 2 

Ref. 1 

Ref. 2 

Ref. 2 

Ref. 2 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 2 

Ref. 2 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 2 

Date 

Apr. 10, 1958 

July 7, 1958 

Aug. 16, 1958 

A u g .  22, 1958 

A q .  26, 1958 

Sept. 22, 19% 

Feb. 13, 1959 

nu‘ 10, 1959 

June 13, 1959 

July 10, 1959 

July 14, 1959 

July 16, 1959 

4ug. 18, 1959 

Jan. 11, 1960 

‘kr. 29, 1960 

kpr. 1, 1960 

kpr. 5, 1960 

4pr. 28, 1960 

kpr. 29, 1960 

Integrated intensity: 
2 arotons/cm 

>30 M ~ V  

?.OX 10 

2.5 X 10 

6 

8 

4.0 x 107 

7.0 X 107 
8 1.1 x 10 

6 6.0 x 10 

2.8 x 107 

8 9.6 x 10 

0.5 x 107 

1.0 x 109 

1.3 x 109 
8 

6 
9.1 x i o  
1.8 x i o  
4.0 x 105 

7 2.7 x 10 
6 5.0 x 10 

6 1.1 x 10 

6 >.ox 10 

7 . 0 ~  i o  6 

>lo0 Mev 

6 

6 

6 

6 

9.0 x i o  
1.6 x i o  
1.8 x i o  
2.0 x 10 

1.0 x 12 

8.5 x 107 

8 

8 

8 

1.4 x 10 

1.0 x 10 

1.3 x i o  

8.5 x ld 

7.0 x 12 

Source 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 2 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 2 

Ref. 1 

Ref. 1 

R e f .  1 

Ref. 1 
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TABtE I.- C ~ A R  OF SOLAli PROTON Ev”TS FROM 1956 TO 1961 - Concluded 

Date 

~ a y  4, 1960 

~ a y  6, 1960 

~ a y  13, 1960 

June 1, 1960 

A%. 12, 1960 

Sept. 3, 1960 

Sept. 26, 1960 

NOV. 12, 1960 

Integrated intensity, 
2 protons /cm 

~ 

>3O MeV 

6 6.0 x 10 

6 4 . 0 ~  10 

6 4.0 x 10 

4.0 x Id 
6.0 x Id 
3.5 x 107 

6 2.0 x 10 

1.3 X 12 
~ .- 

>loo MeV 

6 1.2 x 10 

4.5 x Id 

6 7.0 x io 

1.2 x 12 
8 2.5 x 10 

~~ . 

Source 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Date 

NOV. 15, 1960 

Nov. 20, 1960 

July ll, 1961 

July 12, 1961 

July 18, 1961 

~uly 20, 1961 

Sept. 10, 1961 

3ept. 28, 1961 

Integrated intensity, 
protons/cm 2 

>30 Mev 

7.2 X 10 8 

7 4.5 x 10 

6 3.0 x io 

4.0 x 107 

3.0 x io 8 

6 

7 

6 

5.0 X 10 

3.7 x 10 

6 . 0 ~  i o  
.- 

>lo0 MeV 

8 1.2 x 10 

6 8.0 x 10 

2.4 x id 
6 1.0 x 10 

4.0 x 107 

9.0 X Id 

6 1.1 x 10 

Source 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 1 

Ref. 2 

Ref. 1 
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TABLE 11.- CHARACTEBISTIC RIGIDITY P FOR 29 SOLAR EVENTS 
0 

-. 

Date 

Feb. 23, 1956 

Aug. 31, 1956 

Jan. 20, 1957 

A%= 29, 1957 

Oct. 20, 1957 

&r. 23, 1958 

July 77 1958 

Aug. 16, 1958 

Aug.  22, 1958 

Aug. 26, 1958 

Sept. 22, 1958 

Me3r 10, 1959 

July 10, 1959 

July 14, 1959 

JW 16, 1959 

Apr. 1, 1960 

Apr. 28, 1960 

May 47 1960 

- 
Integrated intensity, 

protoi 

>3O MeV 

1.0 x 109 

2.5 x 107 
8 

8 
2.0x 10 

1.2 x 10 

5.0 x 107 
8 

8 
2.5 X 10 

2.5 x i o  
4.0 x 107 

7.0 x 107 
8 

6 

8 

1.1 x 10 

6 . 0 ~  i o  
9.6 x 10 

1.0 x 109 

1.3 X 109 
8 

6 

6 

6 

9.1 x i o  

?.Ox 10 

5.0 x 10 

6 . 0 ~  i o  

2 
/cm 

0 )  

>lo0 MeV 

8 

6 

6 

6 

3.5 x 10 

6.0 x i o  

7.0 X 10 

3 . 0 ~  10 

1.0 x 107 
L O X  10 7 

9.0 x l o6  
6 1.6 x i o  
6 1.8 x io 
6 

2.0 x 10 

1.0 x 105 
8.5 x 107 

8 

8 

8 

1.4 x 10 

1.0 x 10 

1.3 X 10 

8.5 x l o 5  

7.0 X 105 
6 1.2 x 10 

Characteristic 
rigidity P Mv 

0 

195 

144 

61 

56 

127 

64 

62 

64 

56 

51 

50 

84 

104 

80 

105 

116 

104 

127 

Data *om reference 1 a 



Date 

h Y  13, 1960 

Sept. 3, 1960 

Sept. 26, 1960 

Nov. 12, 1960 

Nov. 15, 1960 

Nov. 20, 1960 

July 11, 1961 

July 12, 1961 

July 18, 1961 

July 20, 1961 

Sept. 28, 1961 

Integrated intensity, 

proto 

>3O MeV 

6 4.0 x 10 

3.5 x lo7 

1.3 x 109 

4.5 x lo7 

3.0 x i o  
4.0 x 107 

3 . 0 ~  i o  

6 
2.0 x 10 

8 
7.2 X 10 

6 

8 

6 

6 
5.0 X 10 

6.0 x 10 
__ 

%ta from reference 1 

2 ;/cm 

>lo0 MeV 

4.5 x 105 

1.2 x 105 

6 7.0 X 10 

8 

8 

6 

2.5 X 10 

1.2 x 10 

8.0 x io 

2.4 x 105 
6 

L O X  10 

4.0 x 107 

9.0 x 105 
6 1.1 x 10 

Characteristic 
rigidity P Mv 

0 

94 

127 

73 

124 

114 

118 

81 

56 

102 

120 

121 
. .  
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TAB23 111.- COMPARISON OF EFFECT ON DOSAGE OF 

VARYING FLUX AND RIGIDITY SPECTRUM 

Low 
Po = 50 Mv Flux 

probability 

Feb. 23, 1956 
Po Po = 195 Mv 

0.99 
0.50 
0.01 

0.. 99 
0.50 

0.01 

0.99 
0.50 

0.01 

0.09 

11.50 

1.0 

0.99 
0.50 

0.01 

1.24 1.42 

0.99 
0.50 
0.01 

0.99 
0.50 

0.01 

1.94 2.78 

0.62 

0.62 

0.62 

0.14 

0.14 

0.14 

(a) Point dose 

2-week mission -I 

52-week mission I 

(b) Depth dose (5 .0  cm) 

2-week mission 1 
0.004 
1.0 

275.4 

1.94 /_// 
52-week mission i 

0.05 

1.0 

19-90 

104-week’ mission 

0.09 

u.. 50 
1.0 
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Figure 1.- Distribution of P rigidity spectrum parameter. 
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